Abstract The aim of this paper is to assess the impact of information technology (IT) on the productivity and efficiency of manufacturing industries in Iran. So, the data will be collected from 23 Iranian manufacturing industries during ''2002-2006'' and the methods such as DEA and panel data used to study the subject. Results obtained by the above two methods represent that IT has a positive and statistically significant effect on the productivity of manufacturing industries. It will be more in high IT-intensive industries than the other industries. But, there is no significant difference between the growth of labor productivity in IT-producing and IT-using industries.
Introduction
The role of information technologies (ITs) in resurgence of the economic growth of many industrial countries has been experienced in second half of the 1990s and then considered by policymakers and economists. These technologies have direct effects on the growth of the IT-producing industries. They also increase the efficiency and productivity of IT-using industries (Farooquie et al. 2012) .
IT causes to appear new models of E-businesses, save the costs, improve the quality and quantity of production and increase the competition in markets. According to the economic literature, IT will deepen the capital-the increase of services per capital unit. Thus, the firms tend to use IT in the production process. However, the results of experimental studies have shown that the effects of IT on the productivity are different and not the same.
Some studies have presented that the relationship between IT and productivity is not positive. But, most studies have concluded that IT affects the productivity and efficiency positively.
Most studies have investigated the productivity in all industries, but they do not break the industries down to similar groups. So, there is a possibility of aggregate error in estimation. In this study, industries have been segregated into IT-producing and IT-using groups based on actual index. Also, industries are divided into high IT intensive and low IT intensive. Therefore, the aggregate error will be very limited and bias error of parameters obtained by the models is less than the previous studies. It seems that previous studies may confirm the productivity paradox due to aggregate error. So, we examine the productivity paradox in a better condition.
Many authors have studied the impact of IT on productivity in different countries, but its effect on productivity is not completely clear and unique. This research is done in Iranian manufacturing industries. We are to compare the findings of this paper to others.
Most investigations have only used econometric models to assess the impact of IT on productivity, but we will cover both econometrics and mathematics models to evaluate the effects of IT on industries.
The main objectives of this paper are:
1. To analyze the impact of IT on the labor productivity in Iranian manufacturing industries using panel data approach to test the productivity paradox hypothesis developed by Solow (1957) . 2. To analyze the effect of IT on the productivity in ITproducing and IT-using industries and also high ITintensive and low IT-intensive industries? 3. To calculate the individual efficiency in Iranian manufacturing industries using DEA model and ranking efficient units.
The authors try to answer the following questions:
1. Have the use of IT increased the labor productivity in Iranian manufacturing industries? In other words, does productivity paradox hypothesis exist in Iranian manufacturing industries? 2. Is there any difference between the impact of IT on ITproducing and IT-using industries? 3. Is the impact of IT on high IT-intensive and low ITintensive industries the same? 4. Which industries are efficient in Iran? This analysis will help the managers and policy makers to devise the strategy to apply and develop IT such as hardware, software and communication technologies in production process and provide new technologies for labor force to improve the efficiency and productivity.
Literature review
Productivity improvement has a crucial role in raising GDP per capita. Firms adapting and using IT can improve the production process and labor productivity. IT is a key driver of productivity and pioneer to accelerate the industry in economic growth.
ICT is a general-purpose technology (GPT) that has a wide range of effects throughout the entire economy, reshaping the whole systems of production and distribution (the information technology and innovation foundation, 2014).
IT diffuses throughout the economy; they engender extensive spill overs in the forms of externalizes and technological complementarities, and their evolution and diffusion span for decades (the information technology and innovation foundation, 2014).
Moreover, GPTs undergo rapid price declines and performance improvements and become pervasive as an integral part of most industries, products and functions. They enable downstream innovations in products, processes, business models and business organization (Satapathy and Mishra 2013).
In individual industries, the productivity can occur through three different ways: all firms innovate or adopt new technologies; less productive firms dying and being replaced by new and more productive firms, or by more productive firms gaining market share from less productive ones (the information technology and innovation foundation, 2014).
Firm-level research has shown that there are large and persistent gaps between the productivity of IT-using industries and traditional firms. The use of more and better ''tools'' by producers is the best way increasing the productivity. In other words, the use of appropriate machinery, equipment and software improves the productivity (Romer 1990) . For example, Internet is an easy and friendly tool for the users when applying it in production, marketing and sales and after-sales processes. Dedrick et al. (2003) have found that ''productivity paradox as first formulated has been effectively refuted''. In both firm and country level, more investment in IT is associated with greater productivity growth.
Most studies, since the mid of 1990s to 2014, have found positive effects of IT on productivity (Cardona et al. 2013) .
The beneficial effects of IT on productivity have been from firms to industries and then entire economies and in both goods and services producing industries (Carol et al. 2008) . Hitt and Tambe (2006) have found that the spill overs of IT will nearly make double the impact of IT investments. Perminov and Egorova (2005) have found that the growth rates in ICT-producing and ICT-using industries are much higher than non-ICT industries in Russia, though an essential delay of ICT spreading still takes place in Russia compared with developed countries.
Some studies have focused on the intensity of using IT in industries. They believe that the impact of IT is related to its intensity in industries, so that the productivity growth is higher in industries using IT than the other industries.
Badescu and Garces-Ayerbe (2009) have studied the impact of IT on Tunisian manufacturing industries using Stochastic Production Frontier. They have emphasized the positive impact of IT on the efficiency and believed that initial preparation for the emergence of IT effects is to invest in human capital and complementary concerns.
The summary of previous studies is shown inTable 1. Fernandez-Menendez et al. (2009) have studied the impact of IT on technical efficiency using the data collected from 2,255 Spanish firms and data envelopment analysis (DEA) and concluded that IT will positively affect on Health and Care industries under certain conditions. These conditions are the amount of investments in IT and non-IT concerns. Therefore, based on theoretical issues and experimental studies, IT affects the efficiency via the following ways:
First, technical advance in ICT-producing industries leads to the increase of the productivity in all production factors; Second, the reduction of capital cost compared to other inputs will replace IT capital by other investments and so, the increase of IT capital leads to the growth of labor productivity in ICT-using industries. Thus, the amount of ICT capital per worker will be increased and grown due to the labor; Third, IT-using industries may generate external beneficial effects. For example, Internet transactions will generate great externalizes in society and economies. The more the increase of these transactions the less the costs and ecology protection.
Methodology
The impact of IT on labor productivity (economic approach)
Theoretical and empirical studies have indicated that three main variables affect the productivity:
1. Physical capital 2. IT capital 3. Human capital
In this paper, the authors utilize an applied approach use a theoretical model to test the productivity paradox in Iranian manufacturing industries.
First, the relevant literature is reviewed. The authors have focused on industry level studies. Then, we investigated the stylized facts about IT using between industries. In the third step, the impact of IT on productivity was modeled and estimated econometrically and mathematically. The research is primarily based on the data of Iran statistical center. The flow chart of the research methodology used is shown in Fig. 1 .
To evaluate the effect of IT on labor productivity, CobbDouglas model extended is used in IT capital and human capital by Jorgenson (2002) and Mankiw et al. (1992) .
yðtÞ ¼ AðtÞFðkictðtÞ; k 0 ðtÞ; hðtÞÞ ð1Þ
where y is the production per capita and kict, k 0 , h are IT, non-IT and human capital per capita, respectively. If we take the differential from Eqs. (1), (2) will be obtained as follows:
Assume that input factors are competitive, pay to factors are equal to marginal returns and the technology is Hicks natural type.
Then,
If we substitute Eq. (3) and (4) in Eq. (2) by some manipulations, Eq. (5) will be obtained as follows: 
Based on Eq. (5), there are four sources to explain the growth of labor productivity: IT capital, non-IT capital, quality of labor resource (human capital) and growth of total factor productivity. The regression equation is based on an extended version of Cobb-Douglas function (Eq. 1). Labor productivity is regressed on non-IT capital per capita, IT capital per capita and the share of high-educated employment (undergraduate and above) from total employment and some binary (dummy) variables: take the value 1, if the industry is ITproducing and otherwise 0 (D1) and take the value 1 if industry is high IT-intensive and 0 otherwise (D2). So, twoway error correction components of panel data regression model are:
The variables are defined previously: i ¼ 1; 2; . . .; 23 representing the manufacturing industries based on 2-digit International Standard Industrial Classification (ISIC) codes having more than 10 employee and t = 2;002; . . .; 2;006 representing the period of time. The data set includes the value added per capita, IT capital and non-IT capital per capita and human capital index. l i denotes the effect of unobservable individual, k t denotes the effect of unobservable time and vit is the remainder stochastic disturbance term (Baltagi 2005) . All data except employment have constant price (base year = 1997). IT investment includes only software and does not cover hardware and telecommunication parts. ''ln'' at the beginning of variables denotes the natural logarithm. In the next section, we are going to explain how to divide the industries and calculate the variables such as capital stock of IT and non-IT. The data source is the Statistical Center of Iran.
Classifying the industries by IT intensity
Industries use IT capital differently. Some industries are more depended upon IT capital than the others. So, in IT economic literature, the index of ''IT intensity'' was introduced by some IT economists. Stiroh (2002) uses ICT's share of capital services as a criterion to classify industries. Industries above the mean value of this variable are classified as ''IT-intensive industries''. Ark et al. (2002) have used the same classification by some modifications. Engelbrecht and Xayavong (2006) have calculated the direct requirements of IT inputs for each industry using Input-Output table to classify the industries in New Zealand.
In this research, we use IT investment as a criterion to divide industries into ''high IT intensive'' and ''less IT intensive''. Industries above the mean value of this index are called as ''high IT-intensive'' and the others are ''less IT-intensive'' group. Moreover, industries are divided to ''IT-producing'' and ''IT-using'' groups. The former are industries producing IT goods and the second using IT goods as inputs process. As noted above, some economists and analysts believe that LP growth in IT-producing industries are more than the others. Because, first, the innovation appears in IT-producing industries, then spreading and distributing to other sectors. So, we test this hypothesis by introducing binary variables (D2).
Preliminaries and development of the DEA models Data envelopment analysis (DEA) is a nonparametric method for computing and assessing the relative efficiency of homogeneous decision-making units (DMUs) with multiple inputs and outputs (Tohidi and Khodadadi 2013) . DEA provides efficiency scores not only for inefficient DMUs, but also for efficient projections of the units onto an efficient frontier (Saniee and Safi 2013) . DEA introduced by Charnes et al. (1978) and extended by Banker et al. (1984) is a useful method for evaluating the relative efficiency of multiple-input and multiple-output units based on the data observed (Makui et al. 2008) .
On the other hand, successful engineering managers require experience in business and engineering by applying engineering principles to business practice. Engineering managers usually focus on the production process to improve product quality and to decrease cost of production (Golrizgashti 2014). In today's technological world, almost every one depends upon the continues carrying out of a broad array of compound machinery, equipments and services for our everyday safety, security, mobility and economic welfare (Srinivasa Rao and Naikan 2014).
In DEA, CCR model is built on the assumption of constant returns to scale of activities. That is, if an activity ðx; yÞ is feasible, then, for every positive scalar t, the activity ðtx; tyÞ is also feasible. However, this assumption can be modified to allow extended types of production possibility sets by different postulates for the production possibility sets (Saati 2008) . BCC model has its production frontiers spanned by the convex hull of the existing DMUs. The frontiers have piecewise linear and concave characteristics leading to variable returns to scale characterizations by:
(a) Increasing returns to scale (b) Decreasing returns to scale (c) Constant returns to scale.
In 1953, Sten Malmquist, a swedish economist and statistician, introduced the foundations of a productivity index now called by his own name. Malmquist DEA-based productivity index evaluates the changes of productivity during the time. It can be divided into two components: the first one evaluating the change in the technical efficiency and the other evaluating the technology frontier. Here, it is presented between the times ''t and t þ 1''.
Definition (Pareto-Koopmans efficiency) A DMU is fully efficient, if and only if, it is not possible to improve any input or output without worsening some other input or output (Cooper et al. 2002) .
Consider DMU j ; ðj ¼ 1; . . .; nÞ, where each DMU consumes m inputs to produce s outputs . Suppose that observed input and output vectors of DMU j in the time t are X (
The above definition implies that BCC model in the period t is as follows:
Moreover, BCC model in the period t þ 1 will be as follows:
Continually, the first measure of the mixed periods defined as
o Þ for each DMU o is calculated as the optimal value to the following linear programming problem:
Similarly, the other measure of the mixed periods as
o Þ, is calculated as the optimal value to the following linear programming problem: Färe et al. (1992) decomposed their Malmquist Productivity Index (MPI) into two components:
evaluates the technology frontier shift between the period t and t þ 1. MPI [ 1 denotes the productivity growth, MPI\1 denotes the productivity decline and MPI = 1 corresponds to the stagnation.
Data description
Measuring IT and non-IT capital stock Capital stock data of IT and non-IT is not published by official organizations. To calculate them, the following process has been conducted.
Calculating the investment average of industries Accordingly, the total gross fixed capital formation (GFCF) of each industry will be divided into the number of employee in different years and the average investment is determined for each industry as follows:
where I i;t is the investment of ith industry at t. N i;t is the number of employee of ith industry at the year t. k ¼ it; n represents the kind of capital stock, IT and non-IT capital. Using the Eq. (7), we can obtain the average of investment growth rate by geometric method for each industry. 
Calculating the initial value of capital stock
To calculate the initial value, we use the perpetual inventory method (PIM) that is a common approach in empirical researches.
where K 0;k is the initial value of non-IT and IT capital, I 0;k is the investment in 2002, d k is the depreciation rate assumed 5 and 10 % for physical and IT capitals, respectively.
Calculating capital stocks (IT and non-IT).
The next phase is the calculation of capital stock during ''2002-2006 '' as follows:
Real capital stocks
The current value of non-IT capital and the value added have been adjusted by wholesale price index (base year = 1997) and IT capital by telecommunication index. So, the data used to estimate the model are real value.
Numerical examples and results

Econometrics results
We develop Eq. (6) using different techniques of panel data. First, we test ''F test'' and ''Hausman test'' to distinguish the best estimator between pooled, fixed and random effects. The statistical results show that the crosssection effect and time effect are statistically significant (Table 2) . To test the validity and stability of parameters, the results of other techniques are presented in Table 3 . Due to the short period (5 years), stationery tests of variables are ignored.
All estimation indicate that the effect of the physical capital is negative. So, it seems that ''descending return principle'' applies to the physical capital in manufacturing industries of Iran. But, the impact of IT capital on labor productivity is positive and statistically significant. In other words, 1 % increase of IT capital per capita could improve the productivity about 8-18 %. By considering that the sign of IT variable does not change in equations, we can conclude that the productivity paradox does not apply in Iranian manufacturing industries and applying IT in business processes will increase the productivity.
The main result is that the coefficient of IT capital is always significant with and without firm-specified and time-specified effects. So, under any condition, the coefficient of IT is stable and significant. The effect of human capital is not statistically significant. It is because of various reasons: (1) the share of high-skilled labor is low and most employees are low or medium skilled; (2) it may be due to the measurement error in human capital; (3) higheducated employee are used in lower levels. It can be said that they are overqualified. The coefficient of the variable D 1 is statistically insignificant. Therefore, the productivity growth of IT-producing industries is not more than the others. But the coefficient of D 2 is significant indicating that the productivity growth of ''high IT-intensive'' industries is more than the others. So, It seems that the more depended the industries on IT capital, the higher the productivity growth. Then, the study indicates a significant positive contribution to the productivity of IT manufacturing industries. The findings of this paper confirm the results of Gholami et al. (2004) in Iranian manufacturing industries. They have found that IT has a positive effect on technical efficiency of the industries and estimated the production elasticity of IT about 0.06 (Table 4) .
Econometric results represent that the impact of IT on the industrial productivity is average, and it does not measure IT effect on industry individually. So, to cover this deficiency and analyze carefully, DEA method is used to compare the findings of both methods mentioned.
DEA results
In continue, we use Data Envelopment Analysis method to evaluate 23 industries based on 2-digit ISIC during ''2002-2006'' . Each unit has 3 inputs to produce 1 output.
First, the units are evaluated by the BCC model. As can be seen above, the first column of efficiency will be obtained by (I 1 ; I 2 ; I 3 ; O) and the second column of efficiency is based on (I 1 ; O) . ISIC codes ''18, 19, 20, 22, 35' ' are efficient in some years. Most industries are efficient by both 3 inputs (IT, n-IT, HC) and 1 input (IT). These confirm the econometric findings that the efficiency growth in high IT-using industries is more than the others. Furthermore, it is clear that there is a large inefficiency in the rest industries.
We, finally, look at the Malmquist Productivity Index. Table 10 reports the Malmquist Productivity Index based on (I 1 ; I 2 ; I 3 ; O) during the years (2002) (2003) , (2003-2004), (2004-2005) and (2005-2006) .
The results of Malmquist Productivity Index (MPI) indicates that the productivity growth is not stable during ''2002-2006'' . While industries by ISIC codes ''30, 322, 331, 16, 21, 24, 28, 31, 33, 34 '' experience the productivity growth in 2003 compared to 2002. But the productivity of the most industries will be reduced in later years.
However, inefficiency of these industries is less compared to other industries. Moreover, the calculation of MPI based on three inputs (IT, n-IT, HC) and 1 input (IT) has almost the same results. That is, efficient industries also acts efficiently by the use of IT capital. In other words, the industries by adequate human and physical capital are successful in the use of IT capital. Industries 331, 15, 16, 21, 22 and 34 almost are able to fix or increase the labor productivity. Table 11 reports Malmquist Productivity Index based on (I 1 ; O) between the year 2002-2003, 2003-2004, 2004-2005 and 2005-2006 .
Findings
Contributions of IT in Iran are mainly derived by high ITintensive industries. The effects of IT capital on labor productivity growth are much larger than physical capital. This is explained by both relatively larger sizes of IT share in total investment. Especially, most contributions are from high IT-intensive industries.IT can boost productivity by changing older and less productive business models to e-business models, e.g., online book selling replacing ''bricks and mortar'' bookstores and e-banking instead of traditional banking.
Iran should focus primarily on IT-using sectors. Because, IT-producing sectors do not have high potential to produce IT goods and most IT goods are imported from other countries.
In addition, the price of domestic IT goods is much more than the samples imported. So, encouraging IT-producing sector may hurt IT-using sectors, if the protective tariffs raise the local IT product prices for IT-using industries.Therefore, investing in these industries will limit the benefits.
In Iran, most industries are IT using and usually use IT in production processes. Promoting IT usage provides large benefits for the broader economy. The infrastructures such as laws and regulations are needed to enable and support it. Trade policy can play a crucial role in promoting and expanding IT. Almost, 25,000 web sites transact the goods and services in Iran and it seems that e-commerce account a remarkable volume of retail and wholesale transactions. Now, IT is used in banking, education, stock market, utility industries, governmental services and many other areas. IT-using industries will be able to take advantage of IT, if they could achieve larger economies of scale.
Why has the use of IT been the key driver of productivity? Principally, it is because of its greater impact on the productivity than non-IT capitals. Studies of the early 2000s have found that investment in IT capital cause to increase the productivity 3-8 times more than in non-ICT capital (Gilchrist et al. 2001) . Labor productivity in Iran manufacturing industries is inappropriate. Boosting the productivity is critical in Iran economy. Spreading and distributing new technologies can improve the labor productivity. By the use of new technologies, many benefits are largely driven through market forces, and digital regulation can significantly limit these benefits. IT laws in Iran is old and unclear. Laws need to be reviewed and updated. Many aspects of electronic transaction are not clear in laws and rules. This is a main barrier for investing in firms when using IT. So, managers and policy makers must try to correct the commercial and tax laws to support IT users.
Government should reduce the trade tariffs to import high-quality and reasonably priced IT goods to the country. Government should give tax cuts for IT-using industries to encourage them to use new technologies. This can result in energy saving when the government tries to remove subsides. Extensive use of new technologies by firms and industries can prevent the loss of energy mainly occurring due to the aging of technology used in production process.
Conclusion
In this paper, panel data and data envelopment analysis methods have been used to estimate and assess some industries in Iran. For this purpose, three types of relative evaluations are used: cross sectional, time series and panel data. The first compares a DMU to the others at a specified time and the second compares a DMU with itself at different times. For both types of evaluations, DEA is used by appropriate indices, namely, the efficiency score for crosssectional estimations and Malmquist Productivity Index (MPI) for time series estimations. Panel Data techniques refer to the pooling of observations on a cross section of industries over several time periods. Panel data method is used to show the effect of IT capital on the productivity, averagely. In other words, panel data stack up the crosssection and time series data.
The results of panel data estimation indicate that the effect of physical capital is negative and the coefficient of human capital is not statistically significant. But the effect of IT capital is positive and statistically significant. The elasticity of labor productivity compared to IT capital is about 8-18 %. It has been found that IT impact on all estimation methods is stable and significant. In this paper, It is considered that the possible impact of industries attributes and time-specified effects and new technologies rather than traditional inputs such as physical and labor inputs. The industry-specified effect captures all unobserved and time constant factors affecting the value added of industries. In application, it refers to as unobserved heterogeneity or industry heterogeneity. But timespecified effect represents unobserved factors that change over time and affects the value added in industries. There is information about industry-specified and time-specified effects. But, fortunately, these influences have been corrected by the advantages of panel data models. New technologies need high-skilled workers.
In other words, IT need fairly a long time within which the employee learn how to work and apply it in practice. So, IT capital impact could be negative in short term, when the labor does not have high skill to use IT (Badescu and Garces-Ayerbe 2009) .
The first main point of this paper is that the model is consisted of industry-specified and time-specified effects. That is, the elasticity of labor productivity will be increased compared to IT capital, remarkably. It rises from 8 to 18 %.
We can conclude, inherently, the characteristics of industries and the time is very important in learning and applying IT capital in production process. Econometrics results measure IT consequences, averagely.
DEA technique is able to calculate the effect of inputs (one or more) on the value added, individually. In this regard, DEA represents that few industries are efficient when using IT capital, appropriately. Most industries have a large inefficiency based on 3 inputs and 1 input (IT).
International experiences represent that IT advantages will be appeared only many years after the implementation of IT. The success of IT requires complementary factors such as reorganization of business models, high-quality management, high-level labor and economic competitive environment.
By an example, it have be shown that Malmquist Productivity Index (MPI) findings confirm the econometrics results. In other words, there is no statistical difference in productivity growth between IT-producing and IT-using industries. Also, the results, approximately state that ''high IT-intensive'' industries are more efficient than the others. That is, the inefficiency of these industries is less than the others. The scope of these results is limited to Iranian manufacturing industries and does not cover the services industries. It contains only large companies and so cannot be applied to small-and medium-sized firms, non-manufacturing industries and macroeconomic concerns.
Limitation and suggestions for future researches
The main limitation of the research is the industrials data after 2006 that is not available anymore. Statistical center of Iran is the only organization that publishes industrial data. It has not updated the data up to now. The findings of service sectors may differ from manufacturing sector. These results may vary based on sample size, period of time, industry type, industry size and complementary factors such as R V D and human capital. Productivity Paradox hypothesis can be done more robustly and quantitatively using growth accounting model or sample surveys. Many consequences and impacts of IT are unknown. Measuring the benefits of technology is a great problem. Many researchers have believed that lots of technology benefits are hidden. It may take several years to appear and measure beneficial technology. So, the researchers can perform many empirical studies about the effects of technology at firm, industry and country. These researches can resolve the doubts of managers and policy makers about the capabilities of new technologies and act as a bright light for business owners.
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